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The molar absorptivity of unconjugated bilirubin in caffeine reagent is independent of the protein matrix. This finding, together with the simplicity of a dilution step for direct spectrophotometry, will improve the calibration methods of bilirubin and make them more nearty accurate. This is encouraging for the development of a new method for bilirubin determination in neonates; moreover, the caffeine reagent has a clearing influence on the turbidity of human sera. These findings should also be important for standardization, especially because the method of Jendrassik and Gr#{243}f is also protein-independent. Therefore, the introduction of one reliable, inexpensive, "universal" standard of bilirubin in bovine serum albumin will be of importance for both methods.
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In 1924 the caffeine reagent was introduced by Adler and Strauss (1) and later used by Jendrassik et al. (2, 3) and many others in the quantitative determination of total bilirubun in serum by the diazo reaction. The caffeine reagent activates the coupling reactionof p-diazobenzene sulfonate with bilirubin in serum.
Here we describe two other properties of this reagent. First, it makes the direct bilirubin spectrophotometry independent of the protein (albumin) matrix, in contrast toother directspectrophotometric procedures (4) (5) (6) (7) (8) (9) . Of the latter, the method of Hertz et al. (4) with borate reagent is used with success in pediatric clinical chemistry although its standardization may give matrix problems (7-9). Second, the caffeine reagent appears to better clear the turbidity of serum than does the borate buffer. These properties are of importance, both for direct spectrometry of bilirubin in neonatal serum and for the preparation of a "universal" bilirubin standard (manuscripts in preparation from this laboratory).
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Materials and Methods

Equipment
Spectrophotometer.
In all experiments we used the Lambda 5 UV/VIS spectrophotometer (Perkun-Elmer Corp., Norwalk, CT) equipped with a printer-plotter. The slit width was 1 nm. For optimal results the instrument was warmed up for 1 h before use.
The accuracy of the wavelength scale was checked by using the hydrogen emission line at 656.1 nm and holmium oxide glass ifiters.
Photometric accuracy was determined with the standard glass ifiters [Standard Reference Material (SRM) no. 930; National Bureau of Standards (NBS), Washington, DC) with potassium dichromate, alkaline p-nitrophenol, and solutions of cobaltous ammonium sulfate. Photometric drift did not exceed 0.0001 A per hour. Pipets and cuvets. All pipets were calibrated at 20#{176}C and were accepted if their volume did not deviate from the nominal volume by more than 0.2%. The pathlength of the spectrophotometer cuvets was 10 (SD 0.01) mm.
Volumetric flasks. The capacities of 10-mL volumetric flasks were tested by weight. Their mean volume at 20#{176}C appeared to be 9.993 mL (n = 20; CV 0.2%).
Dilutor. We used a Microlab 1000 dilutor (Hamilton, Bonadus AG, Switzerland). For the test volume range of 50-500 L, the reproducibility was within 0.1%, accuracyabout 0.1%. For the reagent volume range of 1500-2500 1tL, the reproducibility was within 0.1%, accuracy about 0.1%.
Materials for Bilirubin Determination
Bilirubin. Bilirubin SRM no. 916 was used as the primary standard. Its stated purity is 99.0% and it is supplied in ampoules, under argon. We also used "reference grade" bilirubin (Pfanstiehl Lab. Inc., Waukegan, IL 60085, lot no. 15382) as a secondary preparation; however, with the lot we used, we did not find any spectrophotometric differences from the NBS preparation, a property also deathbed by Table 2 below). All work with bilirubin was performed in subdued light.
Proteins. We used 12 different albumin preparations in this study, seven of human and five of bovine origin, and ovine and porcine sera. Table 1 summarizes these 14 proteins. We also used a pooledspecimen of human serum.
Protein solutions.
Of the albumins defined in Table 1 Bilirubin-protein solutions. The interference of bilirubin with each of the 14 proteins was studied by correlating the absorptivities of bilirubinwith the molar ratio of bilirubin to protein in the caffeine and in the borate reagents. To this end we added promptly exactly500 pL of each of the five above-described bilirubin dilutions to exactly 1.00 mL of each of the 12 albumin solutions and to each of the two sera (nos. 13 and 14). To prepare the blanks, we added 500 .L of the NaOH-EDTA solution to each of the protein solutions.
This produced 5 x 14 bilirubin-protein solutions (plus 14 blanks) with bilirubin concentrations ranging from about 133 to about 640 pmol/L. The albumin content was about 400 pmol/L in the 12 albumin solutions and about 350 imol/L in the two sara.
Reagents and Method for the Jendrassik-GrOf
Determination of Bilirubin
Caffeine reagent. Dissolve 125 g of CH3COONa' 3H2O (Merck, Darmstadt, F.G.R., no. 6267), 75 g of sodium benzoate (Merck, no. 6290), and 1.0 g of Na2ED'FA (Merck, no. 8418) in 500 mL of doubly distilled water. Add 50 g of caffeine (Merck, no. 2584), stir until the caffeine is completely dissolved, and dilute to 1 L with water. Filter this solution and store at room temperature; it is stable in a brown bottle for months. Procedure. This is the best-studied, most nearly accurate, and a very reproducible method for bilirubin determination.
It reportedly is independentof the protein matrix (6), which was affirmed in our laboratory. In this work we generally used the following procedure: in a 10-mL volumetric flask, mix 4 mL of caffeine reagentand 500 zL of "serum"; then add 1 mL of diazo reagent, followed 10 mm later by 3 mL of alkaline tartrate solution,and dilute to volume with water. After each addition, the solutions were well mixed; the blanks were handled analogously. We measured the absorbances at 598 nm.
Direct Spectrophotometry of Bilirubin
Reagents. The caffeine reagent was the same as described above. The borate buffer reagent (100 1tmol/L, pH 9.30) was prepared as recommended (4). Most of the biirubin dilutions with either reagent were 20-fold.
Procedure. In 10-mL volumetric flasks, mix 500 zL of "serum" with caffeine reagent and another 500 1zL with borate reagent and dilute to volume with one of the reagents. The blanks were handled analogously. The absorbance of each test and blank was measured vs water within 15 miii after the dilution to volume. We measured the absorbances of the caffeine dilutions at 432 or 457 nm, those of the borate dilutions at 466 and 522 mu and calculated the bilirubin concentrations from the absorbance differences.
The bilirubin spectra (Figure 1) were derived by recording the absorbance of the test solution vs its blank in the range of 350 to 550 nm at a scan speed of 240 nm/mn and with a slit width of 1 mu. The photometric drift was controlled regularly. During this work we controlled the three molar absorptivities by regularly assaying our bilirubin standards (to be published in a forthcoming paper now in preparation).
Calculations of the Bilirubin Concentration
Jendrassik-Grof.
To calculate the biirubin concentration, we used, besides those shown in Table 2 , this molar absorptivity of the azobilirubins: 75 000 L mol' cm' at 598 mu.
Direct spectrophotometry.
In the caffeine method we calcu- 
Results
After the followingdescriptionof some basic spectrophotometricproperties of biirubin in caffeine reagent,we show the effects on the bilirubin spectrum of varying the protein (Figures 1 and 2) . Neither maximum changed after 12 different albumins were added in concentrations ranging from 20 to 120 g/L (300 to 1800 Hmol/L) and each sample was measured against its blank. In borate buffer both biirubin and bilirubin-protein have one absorption maximum. In a protein-free milieu the absorbance peaked at about 441 urn, but this changed in the presence of albumin (Figure 1, B, D, G and H, and Figure 2 Relation between absorbance (y) of bilirubin and its concentration (x) in caffeine reagent. In caffeine solutions with bilirubin concentrations from 0 to 665 anoI/L (n = 7) and no protein, the linearity at 432 mu was excellent. We found: y Absorbance spectrum for bilirubin-albumin in caffeine and borate reagents. To exactly the same volume of 12 albumin solutions (sources as listed in Table 1 ) we added exactly the same quantity of bilirubin to give a final concentration of bilirubin of about 340 unol/L; the molar ratio of bilirubin to albumin (bil/alb) was about 1.08. After 20-fold dilution with caffeine or borate reagent, seven and five spectra of bilirubin in the presence of human or bovine albumin, respectively, were recorded in each reagent from 350 to 550 mu, vs the reagent albumin blank for each. The spectra of bilirubin-HSA and biirubin-BSA in both reagents are shown in Figure 1 (A-D) .
To study the relation between the absorbance of bilirubin and the albumin concentrations, we recorded the spectra for exactly the same final concentrations of bilirubin in solutions of five different concentrations of human or bovine serum albumin (no. 2 and no. 12 in Table 1 ) diluted 20-fold with caffeine or borate reagent. We recorded each of these five spectra against its own reagent albumin blank according to the above-mentioned method (Figure 1, E-H) on the same record. Influence of each of 14 proteins on the absorptivities of a five-point bilirubin curve in caffeine and borate reagent. If a protein is able to change the biirubin spectrum In direct spectrophotometry, then the absorptivity of the bilirubin assay mixture will generally not be linearly related to the bilirubin concentration. To show these relations in both reagents with 14 proteins in one figure we introduced in this study the term "apparent" bilirubin concentration (appChil) as a measure for the protein interference. In caffeine reagent we deduced the app CbIj from the measured abeorbance by means of the molar absorptivity at 457 mu: 48700 L mol" cm' (Table 2 
Discussion
Caffeine Reagent
The results of this study clearly show that in caffeine reagent the spectrum of bilirubin is not noticeably affected This protein independency is also demonstrated (Figure 3) analytical accuracy should be improved. Direct spectrometry of bilirubin in serum involves no real sample blank; therefore,corrections for hemolysis and the like will depend on the measurement of absorbance at a second wavelength. We are currently engaged in studies to find an optimal correction wavelength (manuscript in preparation).
2. The advantages of the caffeine reagent may stimulate the use of a relatively inexpensive bilirubin-BSA standard in direct spectrophotometry (manuscript in preparation).
Such a standard could also be used for biirubin determinations by the Jendrassik-.Gr#{243}f procedure. Not only we, but also Douinas et al. human serum albumin, bovine serum albumin, or human serum (without high Zn-content) are equal. Such a "universal" standard is important, given that the choice of a reliable standard appears to be the main problemin bilirubinometry (14). Our study shows that a simple analytical method may also be of significance.
Borate Reagent
The borate-reagent directspectrophotometry of bilirubin is more complicated, although in the method of Hertz et al. (4) this buffer gives precise and rather accurate results owing to the relatively high albumin content in neonatal serum (>16 g/L, or 240 pmol/L; Figure 1G ) and the shrewd selection of optimal circumstances. Moreover, the quotients of app CJCbn of six out of seven human serum albumin preparations ( Table 1 and Figure 3) were between 0.99 and 1.03 (no.5 showing a quotient of 1.05, Figure 1B ), but four of the bovine albumin preparations (no. 8, 9, 10, and 12) and the two animal sera showed considerable matrix influences, with app C/C values of 1.30 and even higher (Figure 3 ).
In addition, all these quotients decreased with increasing molar ratio bil/aib (Figure 3) . Therefore,as seen in the direct spectrometry of the five-point biirubin curves, which are far from linear, the bilirubin concentration cannot be measured accurately in the presence of bovine serum albumin or in the two animal sera.
